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FOREWORD
This research ond development was performed under Z0108-P
and Trainidg Devilopment), Subproject Z0108-PN30A (Adaptive Experimental
~ Approach to Experimental Design). It was part of an Advanced Research
Projects Agency/Joint Services Training Technology Program for the devel-
opment of computer-based training technology.
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. Problen
o Although early research results indicated that. learner control of lesson

wos been proven. Other research results suggest that study performance may be
7 improved when guidance is provided. The question for research then-is whether
learner control would be effective in computer-based instruction (CBI) and

whether such effectiveness could be improved by providing guidance. .
H Purpose . ) ~ -
- The objectives of this research weré to determine whether learner
AR control of lesson strategy is superior to programmed control in CBI, and, .

if so, whether.learner control is more effective when guidance is provided.

Approach

-

Subjects were 164 trainees assigned to the Basic Electricity/Electronics
(BE/E) School, San Diego. Subjects were randomly assigned to four groups:
three expérimental-:ﬁhguided learner control (ULC), guided learner control
(GLC), -and programmed control (PC)--and a control (no CBI) group. Lesson .
materials and objectives were the same for ali groups. However, materials
for the experifiental groups ‘were presented via PLATO IV student terminals....
and 'those for the control group were provided by the lesson booklets (modules)
normally used by the BE/E School. Within-lesson performance of and lesson
strategies (e.g., rule-example-practice) used by the experimental groups

were compared. Also, performance of the experimental groups and the control

b

) There were no sigiifizant differences’in performance on the ‘CBI tests
among the experimental groups or on the module tests between the experimental
and control groups, However, GLG students selected subject matter areas .
within a lesson in numerical sequericé and-used advisor strategies signifi-
N ‘cantly more often than did ULC students. There were no significant differ-

. ences in attitudes toward CBI among: the experimental groups. i \

Conclusions

8.0

Results of this study indicaté that learner eongrol, with or without .
1 guidance, is not superior to-programmed control as a CBI mode. However,
: the use “of theé learner control lesson structure may be desirable because
of the{possi%le~economies to be effected. Also, since it appears that the
P rule-example-practice lesson strategy may prove to be optimum for all studerts,

.coﬁbideration may be given to delivering this strategy in an adaptive,pro-
gramied control mode.---

group the post lesson’ performance tests and module examinations was com~ - -
pared. . .
Results . d’i

N

: ___ . strategy might have: nificant_pedagogical advantages, its utility-has not -~ - -




/{ ° . T —— i R / // b
. ' I e e ' / PN ,
3 ] . - ST
. ! : /
~ Ay ~ . /
3 ‘ . ;. e ' / ’
("» * o‘ . ) ( ' : I(
N I 4 NER .I . . J‘ o ”
R Recommendations . . o - S .-
: ol % It is recommended that this exper:l.ment be replicated using other lesson
: ' materials and-other subjects. Also, it is recommended that the question of
> . 5 whether there- 1s an optimym lesson strategy be investigated Ey comparing
various 1esson strategies using a’ programmed control mode." .
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INTRODUCTION ‘
o / ' .
Background and Problem / -
=

> The development of computer-based instruction (CBI) has progressed from
~Iinear programming, which presented ‘the same instruction to all students,
to multifaceted, adaptive programg, which give the student a variety of op-
tions and.ways to "influence and select his course of study. The extent to
which the°student can utilize his options and constructively influence his

course of study has, in recent years, been the subject of considerable
debate., - ‘ <

S

Although research results have generally supported the advantages of
branching over fixed sequence programming (e.g., Hurlock, 1972; Slough,
Ellis, & Lahey, 1972), the utility of learner control has not been proven.
McCann, Lahey, and Hurlock (1973) concluded that' learner control of lesson
sequence may have only motivational advantages. Judd, O'Neil, and Spelt

_(1974) and Steinberg (1977) also found no clear mandate for the use of
learner control. ) ' - -

N

The most persuasive literature on the suiject of 'learner control is
provided by Merrill and his associates (e.g., Merrill, 1973; Merrill &
Boutwell, 1973). Merrill presumes that, given the oppor%:nitx to try a
number of strategies, the student will in time arrive at n -individually
optimum strategy through his own learning process. . Morejkecently, MerrilY .
(1975) has suggested that self-adaptation through learner control is more

important to student success than adaptive programming based on aptitude-
treatment interaction. .

It appears to be logical to yse some method other .than the student's
subjective assessment of his own understanding to control lesson strategy
when 1t is available. Although Ausubel -(1963), Bruner (1966), and Gagne'
.(1970j;do not agree on the particular mechanics to be used, they all argue
strofigly for development, by instructional designers, of a hierarchical
arrangement of. lesson materials, their theories suggest lesson structures
having little or no room for student choice, although the course of study
.must be adaptive to, student needs. Thus, their positions appear to be
diametrically opposed to those of Merrill and his associates. However, it
should be noted that the TICCIT (Time-Shared Interactive Computer-Controlled
Information Television) System, which is used to implement the instructional
system described by Merrill (1973), includes an elaborate advisor function
to-monitor and control ‘the student's course of study. This function often
prevents the student from advar:ing to succeeding lesson segments until he
has masteréd the content of- hierarchically prior segments. Thus, the TICCIT
System invokes significapt bShnds‘on the student's options--bounds that: are
compatible with the hierarchical theorems. ‘ "’
.in an entirely different agea,‘thﬁt of computer-managed instruction,
_ it has also beeniargued that control of the student's course of study is
necessary to the effective presentation of lesson materials. Anderson,
Anderson, Dalgaard, Paden,. Biddle, Surber, and Alessi (1975) have demon-
strated the effectiveness of the Computer-Assisted Instruction Study

N ‘. .
o -
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Hanagenent System (CAISMS), which directs students through a sequence of off- ‘

*1ine study assignments followed by on-line quizzes. It has been shown that

use of this systém improves student performance. Between the positions of .

rigorous programmed control and learner control lie a variety of alterna- t

tives-in both the computer-based and computer-managed instruction areas.

“One of . the likely outcomes-of'learner control is the occurrence of non-

productive responses. Some students seem, an occasion, to completely lose

their sense of purposeful direction or perspective. To prevent this from

happening or to help a student to choose between equivalent alternatives,

some instructor guidance would seem to be appropriate. The instructor who

has labored over and has experience with his lesson materials during student ¢

‘j? /tryouts can, at the very least, point to a "normative" path that has been

useful to a majority of his students, while letting the student decide - \

Qhether or not to follow that path.
L, ¢ ,, v : ‘ )
Furggse o - - . )

The purpose of the research project described herein was to evaluate
the effectiveness of .normative guidance of the instructional sequence.
Further, ‘since a simple comparison of guided and unguided study will not
address the more badic question of whether learner control is in fact
superior to programmed control, a third group was included in the experi-
mental design. This group had no -options, but went through the lessons. *
under programmed control, sLudying the lesson segments and lesson content
-in an.order preestablished by the lesson developers. 1nis research projecdt
thus addressed, these two questions. . .

1. 1Is learner control of lesson strategy ‘superior to programued con-
trol in computer-based 1nstruction (CBI)?

2./ If so, is learner control more effective when guidance is provided
to thé learner contrql student throughout his course of study?
Since learner control often means different things to different researchers
(Judd et al,, 1974), for purposes of this report, learner control is defihed

as the freedom to choose lesson segments and lesson content in any sequernc

The lesson format is described in Lahey, Crawford and Hurlock (1976). /
!

S . i




METHOD

"Subjects and Design ' .

The subjects were trainees assigned to the Basic Electricity/Electronics
(BE/E) School, Service School Commandly; Naval Training Center, San Diego. A °
total of 164 participated, 124 assigned to three, experimental groups, and 40,
to a control group. The three experimental groups-‘were unguided learner
control- {ULC) (N =38), guided learner control (GLC) .(N = 44), and programmed
control (PC) (N = 42). ~Students goin through the BE/E School were selented
randomly by learning supervisors as th y reached the appropriate point in
their studies. If°quce was available at a computer-based instruction (CBI)
terminal at the time a student was selected, he was assigned to an experi-
mental group (the sgecifié,g;pup was detetmined-using a random numpers
table adjusted .at the mid-point -and he selection period to
roughly equalize the distribution). If space was not avVailable at the time
of student selection, he was assigned to the ‘control group. The means and
ranges for the General Classification Test and\ Arithmetic Reasoning Index
scores obtained by students assigned to the four treatment groups were

N\

esgentially the same, as is indicated in Table 1

/- )
Table 1
General Classification Test (GCT) and Arithmet;k*Reasoning Index
(ARI) Measures for Experimegtal and Contxol Groups
GCT Aj& ARI
Group Mean Range Méﬁn Range
v -
. Unguided Learner Control
(N = 38) \ 61 46=~68 58 45-69
Guided Learner Control
(N = 44) 58 45-68 60 46-69
?rogranmed Control N \ \
(N = 42)° 59 55—68 59 \ 36-69<~
Coatrol (No CBI) v l
AN = 40) 58 " 41-66 59 1 41-69

\

Training Materials
- CBI
The CBI training materials consisééﬂ of an introductor& lesson on

how to use the computer terminal (PLATO IV) and four lessons that wvere
required parts of the students' training. Three of the lessons taught students

[




how to .use the Simpson Model 260-5P multimeter as an ohmeter (Ohms Lesson),
a DC ammeter (Amps Lesson), and a voltmeter (Volts Lesson) respectively.
The other, which was presented third in the lesson sequence, was a lesson
- on voltage in series circuits. The contents of the Ohms, Amps, and Volts
Lessons were structured compatibly to reduce irrelevant learning require-
. ments. The four lessons were equivalent in content to the regular course
materials used by the BE/E School. s
The 'four CBI lessons were segmented by subject matter areas into
lesson segments, each of which covered a training objective. There were
10 lesson segments in the Ohms Lesson; 9 in the Amps Lesson, 4 in the

to the computer to take a lesson, an index of the subject areas would
“be presented on the plasma-screen terminal,~as is illustrated in Figure
1. When the student selected a lesson segment, the-training objective
for that area woulld appear ofi the screen, as is shown in Figure 2. Lesson
materials. (content) within each lesson segment consisted of rules, examples,
<, ~and practice problems, at three levels of difficulty--easy, medium, and
7 777 hard. Rules were generally text presentations. Examples and practice
L problems were generally graphic presentations, differing only as to their
“expogitory/inquisitory nature. Responses to practice problems were nor-
mally in a four- or five-part multiple-choice format, except for problems
. involving connecting the meter to simulated circuits and making readings,
which required f£ill-in responses.

The learner control student accessed the desired lesson content
(rules, fexamples, or practice problems) by touching the appropriate
function} block on the screen. His choice was then presented on the screen
at the level-of difficulty he had chosen~--easy, medium, or hard (the
default condition was usually the medium Jevel). If the student needed
help to understand or complete his.selection, he might press the "help"
block (see Figure 2), and explanatory material (either textual or graphic)
would appear on the screen. When he had finished the particular subject
matter area (i.e., by compieting a requisite number of problems), he
would press the index block to return to the lesson index.!

As shown in Figure 1, a diagram provided to the right of the index
let the.student check his progress within a lesson. For example, if a
student had accessed but not completed Lesson Segment 4 (Connecting the
Meter), the box identiffed by number 4 in the diagram would be double~lined;
if he had completed it, the box would be cross-hatched as well.

\ .

Voltage Lesson, and 10 in the Volts Lesson. When' a student signed on -

i 1This arrangement was used in previous studies‘gggducted to. investi-
| gate the feasibility of simulating the multimeter function (see Lahey,
Crawford, & Hurlock, 1976).

1]
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:? SUBJEéffﬁAifBR‘;hEAS: Ohmmeter lesson:—__ ‘ Order of

. precedence:

1. <Jack locations. t!

2. Deenergizing circuits. i p A

3. Settiﬁg’;he function switch. .

4. Connecting the meter. ( 3
Zeroing the ohmmeter. s
Intetpoliting on the ohms scale. ﬁ
Reading the ohms scale. ! 7
Settigg_the range switch. ]
Checkingﬂthe circuits for shorts and opena. [E:] i i G R

Mini-lab. .
% Progress check **

SELECT a subject by number -+

Press HELP for additional optdions.

.

Figure 1. Lesson index:

s

wll Toxt Provided by ERIC

Ohms Lesson.
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- bgiénted programmed instruction sequences. Also, the control group had
- access to a-number of training aids and.to a laboratory where they were

directed to conduct an experiment with the multimeter. The CBI groups did
not have access to the training aids or to the laboratory.

»

13
Procedure

P

. CBIGroups .. - . .

All ‘CBI groups were required to take the four lessons on the use of
the multimeter in a fixed sequence .(Ohms, Amps, Voltage, and Volts), and to
attain a score of 78 pervent or more on an on-line test on the content of
one lessongbngte proceedidg to ‘the next. The ULC and GLC groups had com-
Plete freedom of choice in selecting (1) the subject matter area from the .
lesson index, (2) the type of lesson content (i.e.; rule, example, or prac-
‘tice) within the area chosen; and (3)- the level of difficulty (i.e., easy,
medium, or hard). T - ) . -

-

5 ]

gditet members of the GLC group had made ‘an initial content selec-

- tion, an advisor subroutine made recommendations for further selections, o 3
as is indicated in Figure 3. For example, suppose-that a member of the

< GLC group was taking the Olms Lesson and had selected Lesson Segment 4
(Connecting..the Meter) from the index shown in 'Figure 1. The expanded
trﬁ!ning objective for this. area would then appear on the screen, as shown .
in Pigure 2. At this point, the student was free to choose the type of )
lesson content to be accessed and the level of difficulty. However, after
he made .his initial selection, the advisor subroutine, Figure 3, was used
to recommend what to select mext. TIf the student's initial cholice were the
RULE, the advisor would recommend that e perform an EXAMPLE; if the choice
were an EXAMPLE, the advisor would recommend that he study the RULE. How-
ever, if the. initial choice were PRACTICE, the advisor would make no re-
commendations until the'ptacﬁ?ce problem was completed.

"Although the PC group also studied each lesson in succession, they
had ‘no options within the lessons; that is, members had to study each subject
matter drea in numerical succession and to follow a-prescribed rule~example-
practice sequence of lesson content within' each objective, For example,
suppose that a member of the ‘PC group- was taking the Okms Lesson (the first
in the sequence). He wouid have to begin with Lesson Segment 1 (Jack Loca-
tions). After the expanded training objective for this area appeared on the-
Screen, the PC student would see a RULE at the medium level of difficulty. °

He would then rigidly follow the sequence of steps indicated in Figure 3.

\
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Figure 3. Advisor function.
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Students in all CBI groups were required to indicate how confident
> they were that their answers to practice problems were correct. 1I1f they were
not sure of their response to a problem or admitted that they had "guessed,"
they had,to do an ddditional practice problem before they were given credit

. for ia completed problem.
! ' Students who failed the on-line if'i;st on’ t:he. content of an: lesson
were shifted to the ULC mode for review, allowing "them to study as much :
little as they chose to bafore retaking the test. ,

or _hs
[ After students in the CBI gtfoups had éomplet:ed the Ohms Lesson, they
k a post lesson performance test and an examination on the entire content

t
of (Module 3 of the BEEINLES course. After they had completed the remaining
n pgrformance test and an examination

ee lessons, they tdok a post-lesso
ents completed a questionnaire on their atti-

three T
ﬁ‘k Module 4. Finally, CBI stud
‘tude toward CBI <nstruction. .

) 4

~

4

i .éonttol‘ Gmup—f—m —_—
] ;‘! . After members of the .control group had studied their lesson booklets
T - and performed a laboratory experiment on the use of the multimeter, they took
the same post lesson petrformance tests and examinations given\t:he CBI students.

Jo. <
Content Selection
i - .
| To test the null hypothesis that the treatments did not differ, it was
. /mecessary that the students in the ULC and GLC groups occasionally used
. -‘strat:eg;les other than the rule-example~practice strategy used by the PC
“j\; group. To identify the alternative strategies used, the number of possible
! séquences used were reduced to a manageable, identifiable set by establishing
1 the following a priori ryles:
.. A student's strategy was determined by the order in which he selected

i types of lésson content during his initial accession of a subject matter
| area. .Repetition of a particular content selection or subsequent returns

to the lesdon segment after once-leaving it were ignored.

i ;
s;udent:"s decision to take the criterion test t:ertginat:ed the
The strategy for those subject matter areas

’ 2,
| strategy selection process.
not accessed before taking the test was "omit."
f 3. A student's dominant strategy fused for a posteriori analysié) .
| was that strategy selected in at least 40 percent of the 33 subject matter
areas in the four lessons, and in at least 6 areas (60%) of the final lesson
(Volts). y
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| .«l.l‘,‘;{p;t.:a“iléd réco‘rd; of student performance were kept during the study to

'

‘queations’ (l's'tepreqent correct answers), and the/latency (seconds) be-
tween-successive choice respornses. Data for egch/student were summarized
- to determine the total number of responses, 'the—time required for each

" lesson, and ‘the test score obtained on ‘the student's first attempt to

=

pass .the lesson criterion test.

-

way analysis of variance (ANOVA) procedure. Chi-square data were used to
- compare choice data.. ) :

i

~ “provide a’“trail" for evalnat:in_é" the student's learning strategies. An ex-

' . ample of such-a trail is provided by Figure 4. As shown, trdil data identify '
‘the typé of lesson content selected (RU, EX, or PR), the level of difficulty

.-'{e, my ar+h), helps accessed (H), the correctness 7 the response to practice

Overall perfofmaiice data and CBI lesgson data were compared using a one-

JR———
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Figure 4. Typical response sequence (trail) for PC student.
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-Performance < . . :

__ There w,ke»no significant differences in performance on.th% CBI tests ;
amoug the experimental ‘groups, and the overall performance of. the experimental
groups oft the' hands-on performanceé and médule tests did not differ signifi- ’
cantly from that of the control group. Tables Z and 3 provide group per~
formance on the CBI lesson tests and module tests respectively.

[

A
€

In the Ohms and Voltage Lessons, the Programmed Control (PC)_Groups made '
"significantly-fewer responses than the Unguided Learner Control (ULC) or,
the Guided Learner Control (GLC) Groups (df = 2,121, MSW = 9126, F = 5,85, .
P € .01 in the Olms ‘Lesson,-and df = 2,121, MSW = 409, F = 13,23, p < ,001
in the Voltage Lesson). When the frequency of response data from these two
léssons was examined to find_ .the source of this difference, it was found that
.the number of ‘"edsy" level responses accounted for the difference between
--the groups in the Ohms Lesson, bﬁt’ not in theVoltage Lesson.. When the
effect of the easy responses was removed, the difference in the total number
of responses made by the groups was no longer significant for the Ohms
.Lesson but was still, significant, at the .01 level (MSW = 710, F = 5.07),
for :the Voltage Lesson. As is showi in Table 2, there was no significant
savings in time required for the PC ‘group, in spite of members making fewer ‘
.responses in_these two lessons. : v ) , X
‘Individual measures, as reflscted in scores taken from tests administered
prior to selection to the BE/E School, are provided: in Table 1. No evidence

of correlation was found between these individual measures and the overall A
performance uu/nures. ’

\subjecc Matter ‘Area Selection . ’

j\ As indicated previously, the ULC and GLC groups had complete freedom
of\ choice in selecting the sybject mptter area from a lesson ‘index. An
) _ln\].yg':l.s, was made to determine the percentage of students in each group
* who selected subject matter areas in numerical sequence. The results are
" provided in Table 4, which shows that the differences between the two groups
were significant in thrge of the four lessons, df = 1, and ;2(2 = 7.06, p < .01 :
« . ° 1in the Ohms Lesson, X2 /.'ﬁ .895 P > 50 in the Amps Lesson, x% = 4.99,:p < 05 -
in the Voltage Lesson, = 7.25, p < .01 in the Volts Lesson. The GLC

and x
Group_also chose lgs;ﬁ{z segnents in order less frequently than was required
.. of the PC Group (100%) in’the Ohms, Amps, and Volts Lessons (df = 1, x2 = 16,
' P ¢ 4001 in the Ohmis Lession, x2 ~ 14, p < .00L in the Amps Lessop, and ¥ L
= 5:70, p < .05 In the Volts Lesson). There was no significant difference
in lesson performance between 'students who did access the subjéct matter areas
in numerical sequence and those who did not. ,
B | )

/ ’~
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. Co Performance of CBI Groups ) r . “
- . -~ A o - . N . - ‘)
- e ] . @ Test Score . Numben of - .Study Time .
o7 Lé‘uonlcroup ¥ ¢3) N Respo;ses \ (Hours) -
Ol-c Lesson “ ‘ L .
-+ Utiguided Learner Control 80.1 216 © 2105 ..
Guided*"l.eatner ‘Centrol 81.0 - ' 231 v 2:14 X
Ptograned Control 84.6 — - 163% - L9 = o - o
Anps I.esson ~ C ‘ - /
Ungu:lded Learner Control 72.3 249 1:57 . <
Guided I.eatner Control .66.1 243 1:59 . ¢
l’::ogra-edw Control " 73, 0 , 29% 1:46 }
Vo"I”"ige Lesson ° T . ’ : ‘ ;
““Unguided Learner Control 93.6 _ - " 68 0:26 ,
Guided Learner Control 95.1 %5 - 0:26
Ptogrmed Control 95.5 47%* - 0:22 .
Volts Leuon B . . ' . ’ ’
' Ungwidéd Learner Control - 85.6 - 215 To1:41 :
*. ' Guided Learner Control ~ - 88.8 230° 1:52 S ¥
" Progra—ed Control PR 87.3 . 217 1:45
Lo q . ’ LA

'_ ‘v \*p < .01 o ~ . ] ‘e N .

i
I
|
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Table 3
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Module Performance

——

% - :

>

Module 3 :

Trials, Errors,
, Performance Module
: Test ‘Exam

.Module 4
* Trials,™ Ertors,,
Performance Module S,
Test Exam . °

S
Guidud I.umer S ’ '
: "Conttol = 44) - 1.4 2.1
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“Table 4
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- » o ’ -
: ... - Freuency With Which Students Selected
e \\- Subject Matter Areas in Numerical Sequence ° - i
SToA . v . YL .-
‘ .

°

) ————— PO SRSV
\ -
.

~

s 2 )
: Lunon A ’ . ULC Students™, ) GLC Students T
' "\.; v . ) . (z) (z) .o
" Ohms e y’ : 6w ' .
T hmpss. . . 61 . e 3, - ‘

A' o to ° . M " ' (
© " Voltage : / 82 : ' 98* T

R R ' T gsw B
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,::—';antent Selection v %,;-‘:""'“ . . .
.‘J .’-' u B ’ ) ': - AN . " ’ ~ ' .
.7 In selecting lesson content, GLC students followed ‘the adyisor strategies ‘.

significantly more often than the students (df =.1, x2 = 299, p < .001)% ,
.+ As’ shown in Table 5, the primary choice of both groups was the rule-example- ;T
*. practice stratégy.: Between the Olms and Anmps Lessons there was a signifit / :
-can€’ change in the frequency with which this strategy was used (df = 1, . :
X% ='16,:p< 001 for the ULC Group, and x2 = 72, p < .00l ‘for the GLC - - e ’
"'Group). - In the Ohms Lessor, .the ULC and GLC Groups selected the pule-ex- . '
~l§ple—pr_¢g_t:ic,e‘,st_t‘atggy ‘34 and 57 percent of the time respectively. In the, ~

...Amps, Voltage, “and-Volts-Lessons, both groups maintained approkimately the P
" same use frequency (46 and 703 for the ULC and GLC Groups respectively). o o
¥ T . T . - . . o » e '
C e : " ’ "‘ . va ' . . . . I/
o e Table 5 Y g

K N " Frequency With Which“Advisor Strategies ‘ '
o . " Were Used by ULC and GLC Students
PR N : : . 4

2 . 4

T '.s;rqt;ﬁy Usgd. < ' ULC Students : .  GLC Students :
S . (2 of time) & . ‘<~ 2 (% of time)

"-Advisor Strategy’ . . .
. iﬁli-!ﬁlph-Practice - A'Z_ I _ o
.- Exsmple-Rule-Practige ° 5 18
" . Practice Only - 0 b
- . -Prattice-Rulé-Example 1
3 e b‘:;":: N . o \ — \ ¢
- Total . T 58 - ) 87% :




¢ ’ ~
To asseas the effect 6? strategy selection on e
e students were assigned to a posterior. strategy groups based on the dominant
strategy used. Examination of the student trails (e:g., Figure 4) revealed
that 89 percent (N = 39) of the GIC students had selected a dominant strategy,
compared to 61 percent (N = 23) -of the ULC students-<a difference that is

berformance, ULC and GIC

significant at the .01 level (df = 1, x2 = 9,60). Of a possible 33 times
v (i.e., for the 33 subject matter' areas in the Four lessons), ULC students.
used their dominant Strategy 24 times; and the GLC, students, 26- times, .
As indicated in Table 6, the dominant strategy used most frequently by
bgth ULC and GLC studerits was rule-example-practice,‘an advisor gtrategy.
. Other strategies that were dominant for ULC students were example-rule-
) practice (N = 1), practice only (N = 2), rule-practice (N = 1), and example-
practice (N'= 2)--the former two of which are advisor strategies. The only
. - strategy other than rule-example-practice that wos - dominant for GLC students
) vas example-rule-practice (N = 5), an advisor strategy, .

) ’J:,
it

.\ " For the a posteriori analysis; students were classified depending on
. ether or not they used rule-rxample~practice as their dominant strategy.

When the performance of individuals within-these two classifications was com-
pared for all four lessons, as shown in Table 6, it was found that those in
the rule-example~practice group performed significantly better than those in

~—~——.. the "other" group in three of the four lessong., [he differences were sighifi-

. cant -at the .01 level: df = 1,80, and MSW = 175.4, F = 8,10 in the Ohms Lesson;

MSW = 7.15, F = 80.0 in the Voltage Lesson; and MSW = 29.8, F = 80.0 in the
Volts Lesson. The performance of- the a posterior rule-example-practice group
did not differ from that of the PC 8roup, who used the rule-example3practice
‘strategy in all lesson subject matter areas. Also; there was no apparent

difference in individual GGT and ARI measures between ULC and GLC students -
who used the rule-example-practice strategy and those who used "other" strag-
egies. ' -
. Table 6
! ULC an& GLC Student Performance on Lesson Tests
As a Function of Strategy Selection '
Dominant Strategy
. Rule~Example-Practice Other
Lesson (N = 51) (N = 31)
Ohas ‘ 83.5 74.9%
Amps . 71.2 68.1
Voltage _—_— 96.2 91, 5%
*p < ,01 i
. 17




Attitude Tb&ard {BI Lessons )

Table 7,)vhich provides the results of.the questionnaire administered to .
the three experimental groups, indicates that there is no apparent difference
in attitude toward CBI lessons. These results are contrary to what, was ex-
pected, on the basis of subjective analysis, since ULC students appeared to

be more enthusiastic thdn GLC students, who, in turn, appeared to be more
enthusiastic than PC students. Results of exit interviews also- failed

to support the impression of a difference in attitude.




Table 7
i

[ NEN -

Q?o:tionAAgxe Results
: i
1 3
) ULC GLC PC
Y Group Group Group

Item | (N = 38) (N = 44) (N = 42)

Lesson Rating: / ‘

- Good 32 38 39
Averagé 2 - 2
Poor { - - -

Content Rating:

Easy fns : 9 9 1¢
Average | 22 24 24
Hard i - 1 1

Qrganiiatio& Ratings:

Well Organized 34 37 26

Average . | _ 2 2 L
i 1. _logicall lesson sequence? Y-34, N-2 Y-38, ‘N-3 Y-41, N-0
i 2o Mater difficult? Y-5, N=32 Y-2, N-39 Y-3, N-40
—--——3.— Explanations-adequate?- Y-34, N-3 Y-36, N-5 Y-41, N-1
4.. Rule helpful? Y-34, N-2 Y-41, N-0 Y-42, N-0
:5. Enough’graphics? ¥-36, N-2 Y-40, N-1 Y-42, -0
6. Enough examples? Y-35, N-2 Y-38, N—% Y-42, N~-O
"7. Enough practice? Y-34, N-3 Y-38, N-2 Y-42, N-0
8. Llassons difficult? Y-3, N=34 Y-6, N-35 Y-3, N=39
9. IEnough time? Y-35, N=2 Y-41, N-0O Y-42, N-0

10, Adequate tests? Y-34, N-2 Y-40, N-0 Y-42, N-0

11. Procedures troublesome? Y-5, N-32 Y-9, N-32 Y-6, N-36

131 CBI preference (mean ) 75 78 79

13, Comments: Geaerally Generally Generally

T favorable favorable favorable

Note. All items abbreviated for report presentation.
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- DISCUSSION

It was anticipated that providing guidance would help to optimize the -
learning process by reducing the ramber of irrelevant responses made and
the time required to complete the instructional sequences. However, the

, performance data (Table 2) do not support this expeetation. Further, data

provided by the questionnaire cast doubt on the subjective observation that

“~the Unguided Learner Control (ULC) students were more enthusiastic about N

x_training than the Guided Learner Control (GLC) and Programmed Control
(PC) students.

It should be-noted that the advisor subroutine provided for GLC students
wis "on" most of the time, the ouly exceptions being when the student was
(1) selucting the initial type of lesson content (rule, éxample, or practice)
to be seen within a subject area, or (2) executing practice problems. _Thus,
by the time the GIC students had firiished all four lessons, they gseemed to be
pretty much under the influence of the advisor, having selected subject mattdy

*

aress in numerical sequence 80 percent of ti. time; and advisor straicgies,
87 percent of thetime——compared to 59 and 58 percent respectiveiy for ULC
students. In spite of these strategy differences, the performance of the two

groups did not’ differ.

The performance of the ULC and GLC students who settled on a dominant
rule-example-practice dominant strategy seemed to be significantly better on
three of the four lesson tests than that of students whc settled on “other"
strategies, The exception was in the Anps Lesson, which was the most dif-
ficult of the four. Both experiwental and control subjects had difficulty
vith the concepts presented in this lesson, and most of the errors made in
the Module 4 tests ‘related to those concepts. Also, the variance in the
test scores on this lesson was significantly higher, at the .01 level, than
in.the other three. Because of the small _number of students adcpting
—other dominant-strategies;—it—was not practical to make strategy-by-strategy

comparisons, to determine whether one strategy-was supericr to others
or vhether adopting a dominant strategy is superior to not adopting one.
This procedure should be included in future research. ' .
The manner in which students arrived at their dominant strategy 1s also

of interest. An examination of individual student trails showed that 55 percent
of the ULC students and 68 percent of the GLC students tended to pick a strategy
in the first_lesson and then stick with it. An additional 8 and 10 percent

of \ULC and GIC students respectively adopted a dominant strategy in the second
lesson, then continued to use it in the last two lessons. 'Only one student-—-
in the ULC\group—changed his dominant styategy from that which he had preferred
in the firat two lessons. .

The msjority of students who had freedom of choice may have selected the
rule-example-practice strategy because of a set established in the introduc-
tory computer lesson or because it is a natural selection for most students.

As mmtioned previously, to ensure that strategy selection would not be in<
fluenced by the orientation of the touch panel function block (see Figure 2),
the order of presentation of the rule, example, and practice blocks was
randonly scrasblad for each presentation. This procedure appeared not t

be effective (or necessary), as evidenced by the fact that the proportion

- of-ULC_students who selected the ‘Tule-example-practice strarvegy in this study

(422) was almost precisely the same as that in a previous exporiment (43%) °
(Lahey & Crawford, 1975). : : : . )
21 26 o
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- Although the results of thig study do “fiot provide evidence that learner

" control of lesson stratégy is pedagogically advantageous, it appears to be

at least as effective as programmed control. Further, the lesson structure
facilitates the development, evaluafion, and modification of lesson materials.
Since-the entire branching structure is contained in the driver, changing or
relocating an item requires only' changes in the -affected units or subroutines.
This not only saves time, but also eliminates possible sources of error.

A second advantage is that the lesson driver ptovides a simple way to
manipulate one or another control variable, as was done in the present study. )
Lesson materials can be presented according to a mode selected by the lesson T
designer, either learner- or program~controlled, or some combination of the
two. Such an arrangement may have substantial benefits if it is found that
different modes (treatments) interact with different -student capabilities
(aptitudes), as postulated by Cronbach and Snow (1977).
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: CONCLUSIONS
< 3 °

This study indicates that learner control of the- instructional sequence
can be as effective and economical, from a student standpoint, as programmed
control. Moreover, if a rule-example-practice lesson strategy is indeed the
most effective overall lesson- strategy, it would appear that employing this
strategy in a programmed control-mode would be more effective than letting
the student discover and use it on his own.

It appears that, while the learner can be influenced to use an Yoptimum"
strategy by specific guidance, the use of ‘point~to-point guidance may be un-
necessary and wasteful of computer space and lesson development time. If any -
one instructional sequence strategy is indeed superior to others, it may be
Just as effective to recommend its use during the introduction as to belabor

. the point during the lesson. Therefore, the use of an advisor (guidance)
" function as sx inherent element of CBI appears to be contraindicated.

.~ The remaining question for-research would appear to be whetYer there is
an optimum lesson strategy for the majority of students, and her it is
better to deliver this strategy via learner control or programmed control.
The economics of lesson development- suggested by Hurlock and Slough (1976), -
and the benefits postulated by Merrill (1973, 1975), as well as the finding
of equivalent performance within this study, indicate that use of learner
control of instructional sequence may be optimal for both lesson development

}
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WText Provided

ERIC.

RECOMMENDATIONS

Continuation of this research effort 1s recommended. “Ar a next logical
step in the development of a more conplete'picture of the utility of learnmer
control of instructional sequence in CBI, it is recommended that the effect
of various lesson strategies be investigated experimentally. A rule-example-
practice strategy should be compared to other strategies and to the absence
of a consistent strategy. In addition, studies should be undertaken to dem-
onstrate the utility of the learner control lesson structure for lesson
development by comparing the time required to develop lessons using this
mode as opposed to other alternatives. Finally, the usefulness of learner
control as a way to teach student: how to learn and how to free themselves
from dependence qn the teacher should be invest gated by longitudinal study
using this mode of CBI. -t
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